Background: Cervical cancer is the most frequent cancer of women in the Democratic Republic of Congo (DRC). Nevertheless, the level of women's awareness about cervical cancer is unknown. Knowledge, attitude and practice (KAP) are important elements for designing and monitoring screening programs. The study purpose was to estimate KAP on cervical cancer and to identify associated factors.
Background
Cervical cancer is after breast cancer the second most common cancer in women worldwide, with a global estimation of about 530,000 new cases and 275,000 deaths each year [1] [2] [3] . The highest incidence is estimated to occur in developing countries including those in SubSaharan Africa [3] [4] [5] [6] [7] . In contrast to high-income countries where mortality caused by cervical cancer is on the [8] [9] th place, it is the most frequent fatal cancer in women in Sub-Saharan Africa reviewed in [2, 8, 9] . The incidence and mortality are expected to increase over the next 20 years [10] . The high mortality has been linked to inadequate screening for precancerous lesions. Unlike many other cancers, cervical cancer can be prevented either by focusing on primary prevention of human papilloma virus (HPV) infection and/or secondary prevention based on the early detection and treatment of precancerous lesions before they progress to invasive cancer.
Multiple factors contribute to inefficient screening of cervical cancer in low-income countries, such as the inadequacy or inexistence of a national screening system, poorly developed health services, the low access of the impoverished population to health care, the lack of technical and laboratory expertise, and, in general, the lack of public awareness [11, 12] . All these factors contribute to inefficient testing, late diagnosis and late treatment [12, 13] . In low-income countries, access to correct information is additionally prevented by illiteracy, some religious beliefs, beliefs in witchcraft, and social inequities. In Sub-Saharan Africa, only a small percentage of women regularly participate in cervical cancer screening [14] . Most women only seek treatment and care in an advanced stage of cervical cancer, too late to stop the lethal progression of the disease, although cervical cancer can be easily detected at an early precancerous stage. In contrast to developing countries, the mortality in highincome countries has been declining constantly over the past three decades. This decline has been related to the implementation of national screening programs, most frequently based on cytology [15, 16] .
The few papers [17, 18] that exist on cervical cancer in the Democratic Republic of Congo (DRC) indicate that cervical cancer is the most frequent gynaecological cancer. A national program for early detection and treatment of high-grade lesions does not exist. Estimations of the prevalence and incidence have to rely therefore on extrapolation of data from other African countries [2] . Extrapolation of mortality rates of cervical cancer in Sub-Saharan Africa [2] to the context of Kinshasa with 9 million habitants means that each year about 800 women will die of cervical cancer in Congo's capital. The level of awareness on cervical cancer of the female population of Kinshasa is unknown. Nevertheless, it is an important parameter for the development and monitoring of a screening program and for the follow-up of an eventual vaccination against HPV in the future. Awareness studies in Sub-Saharan Africa have been performed mostly in health care workers living in an urban environment and in the perspective of a future vaccination program [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
This paper aims to assess knowledge, attitude and practice (KAP) concerning cervical cancer in women of the general population of Kinshasa, and to investigate socio-demographic factors that might influence it.
Methods

Participants
The target population consisted of adult women living in Kinshasa. We grouped the 24 municipalities of Kinshasa in five zones: centre, east, west, south and north ( Figure 1) . We then took a sample of the target population in three steps: we randomly selected 7 out of the 24 municipalities (3 in the centre and 1 in each of the other 4 zones); in each selected municipality, we randomly selected one district; and in each selected district, we randomly selected three streets. Within the selected streets, the study interviewers systematically visited one out of ten lots ("parcelles") and approached all the women who were present in these lots. The women were included if they were at least 16 years old, if they had been living in Kinshasa for six months, and if they were willing to participate in the study. Women who were not at home during the visit were not included.
The selected municipalities were Kimbanseke (eastern zone), Mont-Ngafula (southern zone), Ngaliema (western zone), Gombe (northern zone), and Kalamu, Kasa-Vubu and Lemba (city centre). Kimbanseke (eastern zone) is a relatively recent settlement in the hills. It is thought to be the most extended and the most populated municipality of the capital. Mont Ngafula (southern zone) is also a rather recent settlement in a hilly area. Mont Ngafula is a rapidly growing municipality. The municipality of Ngaliema accommodates several important compounds such as the residence of two former presidents, a military zone, and an exclusive quarter (Mont Fleury). Gombe (northern zone) is a smaller, residential and business area.
The number of participants from each of the five zones of Kinshasa was proportional to the demographic weight of that zone. Because of the descriptive nature of this study and because of the unavailability of previous information about the topic, we did not formally calculate a sample size. We aimed for a study size of 524 participants and expected that this would allow us to improve our understanding of the knowledge, attitude and practice of the women in Kinshasa. The recruitment period was from November to December 2008.
Data collection and management
The outcome of interest was the level of knowledge, attitude and practice (dependent variables). The independent variables were: age, place of residence, marital status, education level, occupation, religion, and parity. KAP was assessed through a series of questions (Tables 1, 2, 3 and  Additional files 1 and 2) .
To standardize the application of the questionnaires, we organized three workshops in which candidate interviewers could familiarize with the questionnaire and its translation in Lingala, the most commonly used language in Kinshasa. Five interviewers were finally selected. Two independent data clerks entered all data in a Microsoft Excel file. A third person checked and corrected the discordances.
Statistical analysis
Twenty items on the questionnaire were used to define the levels of knowledge, attitude and practice. For each item, a participant's answer was considered to be correct if she gave at least one of the expected answers. This Figure 1 Map of the city and the province of Kinshasa (source Wikipedia). The figure illustrates the seven municipalities that were selected for the study. In the centre: Kalamu, Kasa-Vubu, and Lemba; in the east: Kimbanseke; in the west: Ngaliema; in the south: Mont-Ngafula; and in the north: Gombe. gave her one to three points. Detailed information on the scoring system is given in Table 1 and in Additional files 1 and 2. The maximum score for the questions on knowledge was 11, for attitude 5 and for practice 6. The first analysis explored the correlations between the women's scores on knowledge, attitude and practice. We calculated Spearman's rank correlation coefficient (rho) and the corresponding P values for the correlation between the score on knowledge and the score on attitude, between knowledge and practice, and between attitude and practice.
The second analysis focused on the association between socio-demographic variables and the women's scores. To facilitate this evaluation, the women's scores (on an ordinal scale) were converted to binary variables (sufficient/insufficient score). The definition of a "sufficient" score was based on the participants' median score. Women with a score of 6 or more on knowledge were categorized as having "sufficient" knowledge; the others had "insufficient" knowledge. For attitude and practice, the cut-off point was 4. In that way, approximately half of the women were grouped in the "sufficient" categories.
Binary logistic regression was used to explore the bivariate associations between the socio-demographic variables on the one hand and sufficient levels of knowledge, attitude and practice on the other hand. The women's age was first described in five-year groups and then included in the logistic regression analyses in ten-year groups.
Multiple logistic regression models were developed separately for knowledge, attitude and practice. In a first step, all independent variables with a P-value of <0.2 on bivariate analysis were included in the logistic regression models. Next, we assessed if the remaining variables (with a P-value of ≥0.2 on bivariate analysis) could have a relevant effect on the models by including them one by one. Effect measure modification was evaluated by including the following interaction terms: place of residence × education, place of residence × occupation, and education × religion. Because the information on parity was not complete, we evaluated all multivariable analyses with and without this variable. Where more than one multiple logistic regression model was evaluated, we presented the model that best fitted the data.
The results of all logistic regression analyses are reported as odds ratios (OR) with 95% confidence intervals (95% CI). Excel and Stata/IC 10.1 were used for data analysis.
Ethical considerations
The study protocol was approved by the Ethics Committee of the School of Health at Kinshasa University. All study participants gave oral informed consent.
Results
Participants
Five hundred twenty-four women participated in the study. Their median age was 28 years (interquartile range 22 to 35 years). The majority of women were single (54.2%), had a level of education of secondary school (58.2%), had no formal employment (57.5%), and adhered to religions other than Catholicism and Protestantism (58.8%), (Table 4) . These other religions included several different groups of "églises de réveil", the Kibanguist Church, and the Islam among other groups. About one third of the participants (37.3%) had given birth to three or more children.
Scores
The participants' median score on knowledge was 5 on a scale with a maximum of 11 (interquartile range 4-7); the median attitude score was 4 on a scale of 5 (interquartile range 3-4); and the median practice score was 4 on a scale of 6 (interquartile range 3-4). We found a weak but significant correlation between the women's score on knowledge and attitude (r = 0.27, p < 0.001), and between attitudes and practice (r = 0.15, p < 0.001). No significant correlation was found between knowledge and practice (r = 0.08, p = 0.08). We used a cut-off of ≥6 to define a "sufficient" score on knowledge, ≥4 for attitude, and ≥4 for practice. In that way, 43% of the women obtained a sufficient score on knowledge, 52% on attitude, and 60% on practice. 55-59 The proportion of missing values was <2% for all variables except for parity (17% missing values).
Knowledge
The women were first asked which diseases of the female genital organs they knew. The diseases that were reported most frequently were infections (mentioned by 83.6% of the women), myoma (mentioned by 47.9%), dysmenorrhea (43.1%) and cysts of the ovaries (37.2%). Cervical cancer came on the seventh place of this list; it was mentioned spontaneously by 64 women (12.2%).
When the interviewer then specifically enquired about cervical cancer, the majority of the women (81.9%) told that they had heard about it, mostly through conversations with other people (73.4%) and less frequently through the media (30.3%). Only 3.7% got the information from a physician, a medical centre or a hospital. A minority of women (15.1%) knew a person in their neighbourhood who became victim to the disease. Fifteen percent of the women considered that having multiple sexual partners is an underlying cause of cervical cancer. Only 16.8% had ever heard of cervical smears. Table 1 lists the questions on knowledge, the expected answers, and the proportion of the participants who gave the expected answer. On bivariate analysis, seven socio-demographic characteristics were significantly associated with having a sufficient level of knowledge: age, place of residence, marital status, education, occupation, religion and parity (Table 5 ). Women of 30-59 years old were more likely to get a sufficient score than the youngest group, with the best score in the age group of 50-59 years (OR 3.77; 95% CI: 1.38-10.34). Women from the eastern and the western parts of the city scored worse than the women from the city centre (OR east: 0.33; 95% CI: 0.18-0.60; OR west: 0.29; 95% CI: 0.16-0.53). Single women were less likely than married women to obtain a sufficient score (OR: 0.60; 95% CI: 0.42-0.87). There was a strong association with the level of education: highly educated women scored notably better than those who never went to school or only went to primary school (OR 4.41; 95% CI: 2.49-7.81). Also the women with a formal income scored well (OR: 3.18; 95% CI: 1.98-5.11) compared to the women without formal income. The women adhering to religions other than Catholicism and Protestantism were less likely to obtain a sufficient score compared to those who declared that they were Catholic (OR: 0.54; 95% CI: 0.37-0.81). Finally, women who had given birth to three or more children scored better than the nulliparous women (OR: 1.77; 95% CI: 1.09-2.87).
On multivariable analysis, the positive associations of higher education (adjusted OR 7.65; 95% CI 3.31-17.66) and a regularly paid job (adjusted OR 3.35; 95% CI 1.85-6.09) with sufficient knowledge remained significant. Also the negative associations of being single (adjusted OR 0.44; 95% CI 0.24-0.81) or living in the eastern or western part of Kinshasa with sufficient knowledge remained significant (OR east: 0.47; 95% CI: 0.24-0.90; OR west: 0.27; 95% CI: 0.13-0.55, compared to the centre of the city). In addition, the women from the north were less likely to obtain a sufficient score (OR: 0.51; 95% CI: 0.27-0.96).
The product terms residence × education, residence × occupation, and education × religion were not significant and were not included in the final model. The inclusion of the variable parity in the multivariable logistic regression model did not change the findings: there was no significant association between a sufficient knowledge score and parity (OR: 0.95; 95% CI: 0.46-1.89) for three or more compared to zero births), and the other associations (with place of residence, marital status, education, and occupation) remained significant. Table 2 lists the five questions we used to assess the women's attitude. Most of the respondents (80.0%) were willing to consult a medical doctor in case of abnormal bleeding between menstruations. In addition, 56.7% told the interviewers that they were willing to regularly consult a physician for screening of cervical cancer. Eighty percent were willing to have a smear test and 95% were in favour of the installation of a national screening program. Although the majority wanted to be screened, only 31.7% was prepared to pay for it.
Attitude
On bivariate analysis, four factors were significantly associated with a sufficient score on attitude: age, place of residence, education and religion. As for knowledge, the age group of 50-59 years scored best. Women from the eastern, western and southern part of the city scored worse than those from the centre (OR east: 0.36; 95% CI: 0.21-0.63; OR west: 0.54; 95% CI: 0.32-0.91; OR south: 0.48; 95% CI: 0.28-0.82). Among those with a sufficient attitude score, there were more women with higher education (OR 1.83; 95% CI 1.07-3.16) and fewer women of a religion other than Catholicism or Protestantism (OR 0.49; 95% CI 0.33-0.73), On multivariable analysis, the place of residence and religion remained significant. Women from the eastern and southern zone of the city were less likely to have a sufficient score on attitude than those from the centre (adjusted OR east: 0.49; 95% CI 0.27-0.86; adjusted OR south 0.48; 95% CI: 0.27-0.85) ( Table 6 ). Those women who declared to have a religion other than Catholicism or Protestantism were also less likely to get a sufficient attitude score (adjusted OR 0.55; 95% CI 0.35-0.86 compared to adherents of the Catholic Church).
The inclusion of product terms (residence × education, residence × occupation, and education × religion) and of additional variables (parity and marital status) in the multiple logistic regression model did not change the findings. On multivariable analysis, there was no significant association between parity and having a sufficient attitude score (OR: 1.66; 95% CI: 0.84-3.28 for three or more compared to zero births).
Practice
Concerning practice (Table 3) , 67.9% of the participants had undergone a gynaecological examination during the last two years. The majority (71.0%) declared not to use plants or chemicals for their intimate care, and not to smoke (96.8%). Most women (87.0%) declared to have had sexual contacts with maximum one partner during the last year, and 37.2% were convinced that their partner had no other sexual contacts. Only 8.6% had already had a Pap test.
On bivariate analysis, four socio-demographic factors were significantly associated with a sufficient score on practice: place of residence, marital status, occupation and parity. The women who lived in the eastern and northern part of the city scored worse than those from the centre (OR east: 0.48; 95% CI: 0.28-0.82; OR north: 0.57; 95% CI: 0.33-0.96). In addition, single women were less likely to obtain a sufficient score than married women (OR: 0.31; 95% CI: 0.21-0.46). Finally, the women who had given birth to three or more children scored better than the nulliparous women (OR: 2.59; 95% CI: 1.57-4.28). Absolute number and proportion of women belonging to a specific category who got a sufficient score on knowledge, e.g. out of 65 women aged 10 to 19 years, 18 (27.7%) had a score of ≥6 points. 2 Adjusted OR: odds ratio by multiple logistic regression (variables in the model: age, residence, marital status, education, occupation, and religion).
The associations with place of residence and marital status remained significant on multivariable analysis ( Table 7) . The women living in the east of the city were less likely than those from the centre to obtain a sufficient score on practice (adjusted OR 0.39; 95% CI 0.22-0.70). There was also a negative association between being single (adjusted OR: 0.24; 95% CI: 0.13-0.41) or being widow (adjusted OR 0.22; 95% CI: 0.06-0.86) and obtaining a sufficient practice score.
The inclusion of product terms and of additional variables (education, religion, and parity) in the multiple logistic regression model did not change the findings. On multivariable analysis, there was no significant association between parity and having a sufficient practice score (OR: 1.61; 95% CI: 0.75-3.48 for three or more compared to zero births).
Discussion
The present study explored the knowledge, attitude, and associated behaviours of women in Kinshasa with regard to cancer of the uterine cervix. The results provide support for the view that among African women, the awareness about cervical cancer, and especially its prevention and treatment, is very limited. Of note, several sociodemographic parameters (place of residence, level of education, occupation, marital status, and religion) were found to affect the women's knowledge, attitude, and/or practice (KAP). Several limitations of the present study should be acknowledged. Firstly, although we believe that the houses that were visited are fairly representative of the houses in Kinshasa, selection bias may still affect the internal validity of the study. The main reason for this is that our study population did not include women who were not at home when the interviewers visited their houses nor did it include women who did not want to participate. Secondly, as noted by Launiala [31] , there are some limitations to the KAP survey method itself. These limitations include the difficulty of expressing concepts of western medicine in a local African language, the possibility of social desirability bias (i.e. the tendency of interviewees to over-report what they believe to be "good behaviour"), and the fact that the KAP survey is not a good method to obtain in-depth information about sensitive issues. In spite of the limitations, this study stands as a first attempt to systematically explore and document KAP about cervical cancer among women in the DRC.
Our study shows that, although only 12% of the women of Kinshasa spontaneously mentioned cervical cancer as one of the diseases of the female genital organs, the large majority (82%) of these women reported to have heard about the disease. These results are similar to those published for Ethiopia (79%) [32] , Ghana (93%) [33] , and Nigeria (71%) [34] . Lower figures have been published for Botswana (23%) [35] and in other reports for Nigeria (about 48%) [36] [37] [38] . In most of these studies, the concept of "knowledge" was very elementary and limited to a positive answer on 'having heard' about cancer. With regard to the knowledge of risk factors, 15% of the respondents related cervical cancer to sexual behaviour. This finding agrees with observations in Nigeria [37] , Ethiopia [32] and Botswana [39] . Although newspapers, radio and television are easily accessible in Kinshasa, word-of-mouth communication was the most important source of information. This finding is consistent with a publication from Botswana [35] , but contrasts with studies in Ethiopia [32] and Nigeria [37] where the media came on the first place. But in these countries too, oral communication remained an important way of exchange of information on health issues. In rural areas without electricity, it is the only way of communication.
The population of Kinshasa (about 9 million) is estimated to represent 12% of the total population (about 75 million) of the DRC. The majority of the Congolese population live in rural areas where electricity is not always available and information transfer via the media is scarce. The results of our study are limited to the urban population of the capital which is favoured by easy access to information, and even within Kinshasa, we found that the place of residence was associated with the women's knowledge about cervical cancer. The relative role of the media in the transfer of knowledge may become more important when governments will use them more actively in a policy of cancer prevention. Furthermore, because of the oral culture, churches may play an important role in the transfer of information on health care matters.
About half of the women (58%) told the interviewers that they knew that suspect lesions can be detected early. However, the proportion of women who had heard about cervical smear testing was substantially lower (17%), and only 9% of the participants had ever had a Pap test. This finding is consistent with the low effective coverage rates for cervical cancer screening in developing countries reported elsewhere: on average 19% compared to 63% in high-income countries [14] . The situation might even be worse, as a recent survey in 15 developing countries has indicated, that as few as 4% of the women aged 18 -69 years had undergone a pelvic exam or a Pap smear test in the past three years [40] . Poor access to health care in general, and the lack of specific screening and treatment facilities in particular may explain the low coverage rates for cervical cancer screening in developing countries [40] .
Concerning attitude, a large majority of women (80%) said that they agreed to participate in a screening program, but considerably less women (30%) would be willing to pay for a smear test. This suggests that financial issues should be taken into consideration when a widescale screening program is introduced in Kinshasa. Nowadays, the cost of a Pap smear in Kinshasa varies between 30 US$ and 50 US$. Most women in an impoverished society who gain 1 US$ to 2 US$ a day are unable to pay this amount. Part of this high cost is related to the lack of trained people to read and interpret the Pap smears, the insufficient number of tests performed, and the low appreciation of preventive measures as a profitable strategy at the long end. If screening is already an obstacle because of the high cost, it is difficult to motivate women to pay even more for preventive treatment such as loop electrical excision procedure or cryotherapy.
The correlations between the knowledge and attitude scores and between attitude and practice were significant but weak, and the correlation between knowledge and practice was even not significant. This finding adds to the growing body of evidence showing that increased knowledge is not automatically translated into changes in attitude and practice. Some studies have even found that a high level of awareness, as encountered in medical students and physicians, was associated with a lower level of practice [34, 37, 41, 42] . Even in countries where information about cervical cancer is easily available, the effective coverage of screening was found to be only 63% [14] .
By multivariable analysis, we found that knowledge was associated with four socio-demographic factors: the place of residence within Kinshasa, level of education, occupation and marital status. The municipality of Mont-Ngafula in south Kinshasa had a high proportion of women with a sufficient score on knowledge. MontNgafula is semi-residential area that is situated near the University of Kinshasa and the Higher Institute for Medical Technology and Nursing. It may be expected that women living in these places have better access to information than the women living elsewhere. They are also likely to have received a better education and to have better jobs. However, the effect of the place of residence on knowledge cannot be explained by education and employment alone, because these factors were included in the multivariable analysis. Therefore, other factors that are still unknown are likely to explain the association between the place of residence and the level of knowledge.
In our study, married women scored better on knowledge than singles. Contradictory reports have been published on the influence of marital status on knowledge: in a Nigerian study, singles scored better for the awareness on cervical cancer [37] while in an Ethiopian study,
